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week-old lentil plants were detached and inoculated in Petri dishes lined with wet filter paper by 126 droplet inoculation with C. truncatum CT-21 isolate as described previously (2). Inoculated 127 leaflets were incubated with 12 h photoperiod at room temperature. The progress of C. truncatum 128 infection was microscopically assessed as described below and infection sites of leaflets were 7 RNA extraction and Northern blot analysis. For isolating total mycelial RNA from CtNUDIX 140 overexpression strains of C. truncatum and M. oryzae, one mL of conidial suspension (4 x 10 4 141 conidia mL -1 ) was incubated in complete medium (0.6% yeast extract, 0.3% acid casein 142 hydrolysate, 0.3% enzymatic casein hydrolysate, 1% sucrose) at 22-25°C for 48 h with constant 143 shaking at 150 rpm. Mycelia were harvested by filtering through nylon mesh and rinsed with 144 distilled water twice. Collected mycelia were frozen in liquid nitrogen and stored at -80 o C until 145 required. For cell wall treated mycelia, collected mycelia were grown in vitro in minimal salt 146 broth supplemented with lentil cell wall as sole carbon source at 22-25°C for 8 h with constant 147 shaking at 150 rpm. Mycelia was harvested and stored as described above. C. truncatum conidia 148 were harvested from 10-to 14-day old oatmeal agar culture plates, washed twice by 149 centrifugation (3000 rpm, 5 minutes), were pelleted and kept frozen until required. Total RNA 150 isolation from conidia, mycelia, cell wall treated mycelia and C. truncatum infected lentil leaflet 151 tissues collected at various time-points and Northern blot analyses were conducted as described 152 previously (21). Probes for CtNUDIX and 60S ribosomal protein encoding transcripts, were 153 amplified by RT-PCR using gene-specific primer sets CtNUDIXF/CtNUDIXR and 154 Ct60SF/Ct60SR, respectively (Table S1 ). Three independent biological replicates were used for 155 RNA gel blot analyses. Table S1 ). Three biological repeats were used to obtain expression data. and an ADP-sugar pyrophosphatase with 58% or less identity ( Fig. S1 ). the construct pGR106-CtNUDIXΔSP and an empty vector pGR106 were unable to induce any 302 macro and microscopic phenotype (Fig. 3 and Fig. S4 ), suggesting that cell death caused by with a 672-bp CtNUDIX cDNA fragment, all 7 transformants showed ~1.2-kb band, whereas 340 total RNA isolated from strain P131 mycelia did not hybridize, indicating that these M. oryzae 341 transformants expressed C. truncatum effector gene CtNUDIX (Fig. 6A ).
342
In order to assess the ability to cause anthracnose and blast disease, two overexpression (dpi) (Fig. 5C ), and barley seedlings droplet-inoculated with P131 conidia showed typical eye-348 shaped gray or whitish blast lesions with a reddish-brown margin 10 dpi. On the other hand, 349 overexpression strains failed to induce anthracnose or blast symptoms, i.e. were non-pathogenic.
350
However, host cells penetrated by overexpression strains exhibited light brown discoloration, 351 which was suspected to be due to HR-like cell death of the infected cells ( Fig. 5D and Fig. 6C ).
352
To investigate which stage of fungal development was impaired by CtNUDIX, we avert cell death and to maintain the biotrophic phase before transition to necrotrophy (16).
400
In the current study, we have characterized a novel effector CtNUDIX (containing a 23- precisely before the transition to necrotrophy, and therefore may possess a highly sophisticated 407 mechanism to facilitate the BNS. In addition, the presence of Nudix motif in the CtNUDIX is 408 essential to induce HR-like cell death. might be delivered into host cells to impair host immunity (4). 425 We hypothesized that the overexpression of CtNUDIX in hemibiotrophic phytopathogens 
